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Osteoporosis is one of the most important condi-
tions in geriatrics. As age increases, so does the
incidence of osteoporosis-related fractures. Among
osteoporotic bone fractures, hip fractures result
in higher mortality rates, functional dependency,
and socioeconomic and health care utilization
than other fractures do. The risk of mortality in-
creases to 30–33% within 1 year after fracture.1–4
Hip fractures cause dependency for daily living
activities and have an impact on quality of life in
the long term.1 Lorrain et al have pointed out
that the incidence of hip fracture in older people
in Canada increases with each year of age, and
accounts for a large proportion of medical ex-
penditures.5
Many Western studies have indicated that
bone mineral density (BMD) is inversely associ-
ated with age and associated with fracture.6–8
There is evidence to show that the hip fracture is
most commonly caused by minor trauma in 
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Background/Purpose: Longitudinal data on bone decline for Chinese elderly people are sparse, especially
for the healthy aged male. We report the longitudinal change in bone mineral density (BMD) at the femoral
neck, great trochanter and Ward’s triangle in healthy older Taiwanese men.
Methods: A prospective cohort study was conducted. We screened 1500 subjects aged ≥65 years. One hundred
and seventy men were eligible for hip evaluation, and 167 had hip BMD measured. Two years later, 142 men
completed follow-up BMD measurement. Linear regression was performed between aging and bone loss.
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Results: In the initial study, subjects showed significant bone loss through aging by linear regression at all
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the age cohort, all the age groups showed a significant decrease in BMD at the three study sites (p < 0.05),
except those aged ≥ 75 years at Ward’s triangle (p = 0.667) and the great trochanter (p = 0.1). There was a peak
loss of BMD in men aged 65–69 years, as high as 5.57% annually at Ward’s triangle.
Conclusion: BMD was negatively related to aging in healthy men. The loss of BMD in the 65–69 years age
group was faster at Ward’s triangle than at other sites. Bone loss in Chinese men is of concern because it is
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ORIGINAL ARTICLE
osteoporotic patients, and osteoporosis is usu-
ally related to aging.6 Leidig-Bruckner et al have
demonstrated that people with osteoporosis and
hip fractures have lower BMD than those with-
out.9 After 2.7 years of observation, Kaptoge et al
found that the rate of hip bone loss in women
was significantly higher than that in men of the
same age.7 This means that BMD decreases faster
in women than in men.
Longitudinal data on bone decline in elderly
Chinese people are sparse, especially in healthy,
aged men. Studies of BMD in Taiwan have been
limited to cross-sectional studies of the general
population without stratification.10,11 These limi-
tations have also appeared in other studies of
Chinese populations.12–14 Comprehensive assess-
ment of bone loss over time is important in order
to characterize the pattern of bone loss with aging,
and to identify populations at risk for osteoporo-
sis. Precise information is needed in order to
evaluate the causative factors associated with os-
teoporosis, and the relationship between these
factors and osteoporosis is more accurately ana-
lyzed by longitudinal rather than cross-sectional
studies. Cross-sectional study might also over- or
underestimate bone loss.15 We hypothesized that
the rates of bone loss in different age groups are
different in men and women. Thus, we performed
a prospective longitudinal cohort study on healthy
participants aged ≥ 65 years, at intervals of 2 years.
The first goal of this study was to provide base-
line data on BMD in healthy aged men in south-
ern Taiwan. The second goal was to examine the
effect of aging on the degree of BMD loss. The
third goal was to compare the difference in BMD
loss at different parts of the proximal femur among
different age groups.
Methods
Screening for healthy volunteers
The study sample included people aged ≥ 65 years
in Kaohsiung, the largest city in southern Taiwan.
Initially, 1500 subjects were included in the initial
screening. The screening process included three
phases. First, a junior nurse screened the poten-
tial candidates using a structured questionnaire.
Those with any of the following conditions were
excluded: lower leg arthropathy that led to an 
inability to climb two flights of stairs, or the need
to take a break while walking a short distance of
about two blocks. Those with chronic diseases,
such as spinal problems (spondylosis, sciatica,
kyphosis, scoliosis), gouty arthritis, or a history of
established osteoporosis were also excluded. In
total, 330 men qualified to participate in the sec-
ond phase of the study. These subjects were invited
to our university hospital for examination by chest
X-ray, and laboratory and pulmonary function
tests. Two senior physicians responsible for exam-
ining and reading the results made decisions on
who were qualified for the third phase of the study,
i.e. BMD examination. Among 330 qualified sub-
jects, 170 were eligible for hip evaluation and 167
(98.24% participation rate) have completed hip
BMD analysis. In 2002, 2 years after the initial
examination, 153 elderly men returned for the
second screening test, and 142 of them finished
hip BMD evaluation.
BMD measurement
A Norland (Norland Corp., Fort Atkinson, WI,
USA) 36R dual-energy X-ray absorptiometer (DXA)
was used to evaluate BMD in the femoral neck,
Ward’s triangle, and great trochanter. Participants
were invited to the same hospital for the second
examination 2 years after initial assessment. The
changes in study subjects’ BMD between these
two examinations were analyzed.
Statistical analysis
Data were analyzed using SPSS version 9.0 (SPSS
Inc., Chicago, IL, USA) for Windows. Univariate
linear regression was perform to establish the re-
lationship between age and hip BMD, using the
baseline data. Three age cohorts (65–69 years,
70–74 years, ≥ 75 years) were stratified to explore
bone loss. Linear regression analysis was used to
examine aging effect on the change in BMD at
three bone locations. The speed of bone loss was
measured by percentage or rate. The Wilcoxon
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signed rank test was used to examine whether there
were significant differences in BMD loss at differ-
ent sites of the proximal femur among different
age groups between examinations (two waves). 
A value of p < 0.05 was considered statistically
significant.
Results
A total of 142 participants, aged ≥ 65 years, from
an urban area completed follow-up (Figure 1). The
BMD and demographic characteristics, such as
age, height, body weight, body mass index and
hip BMD are shown in Table 1. The participants
were assigned by age into three groups: 65–69,
70–74 and ≥ 75 years. BMD distribution in the
femoral neck (p=0.001), Ward’s triangle (p<0.001)
and greater trochanter (p < 0.001) was inversely
related to age at initial examination (Figure 2).
We found that BMD in all three areas was nega-
tively associated with age by linear regression.
The annual mean loss of BMD at the femoral
neck, great trochanter and Ward’s triangle was
0.0088 g/cm2, 0.011 g/cm2 and 0.012 g/cm2, re-
spectively. The mean loss of BMD related to age
was more obvious at Ward’s triangle by liner 
regression than at the other two sites.
Two years later, there was a significant decrease
in BMD at the femoral neck, great trochanter and
Ward’s triangle in 142 subjects (all p < 0.001)
(Table 2). All age groups showed a significant de-
crease in BMD at the three study sites, except those
aged ≥ 75 years at Ward’s triangle and the great
trochanter. The annual mean loss of BMD at the
femoral neck was 2.17% (65–69 years), 1.75%
(70–74 years), and 2.59% (≥ 75 years); at Ward’s
triangle, it was 5.57% (65–69 years), 1.57%
(70–74 years), and 0.14% (≥ 75 years); and at the
great trochanter, it was 1.56% (65–69 years),
0.67% (70–74 years), and 0.87% (≥ 75 years).
There was a significant peak loss of BMD at Ward’s
triangle in men aged 65–69 years, as high as 5.57%
per year, compared with the other age groups.
Longitudinal changes in BMD of healthy elderly men
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Preliminary 
screening (n = 1500)
Qualified: 694
Rejected: 260
Stage 1: Lab &
chest (n = 434)
Abnormal: 180
Lost to follow-up: 33
Male: 330
Stage 2: BMD
(n = 221)
Abnormal: 7
Lost to follow-up: 6
Male: 170
Qualified (n = 214)
Male: 167
Year 2002
2nd follow-up
Stage 2: BMD
Male who finished
evaluation: 142
Stage 1: Lab & chest
Male who finished
evaluation: 153
Table 1. Bone mineral density (BMD) and population characteristics at baseline
Age (yr) n Height (cm) Weight (kg) Body mass index Femoral neck BMD Trochanter BMD Ward’s triangle BMD
65–69 31 165.96 ± 1.29 64.68 ± 1.60 23.43 ± 0.42 0.79 ± 0.02 0.75 ± 0.02 0.60 ± 0.03
70–74 92 165.09 ± 0.61 62.47 ± 0.92 22.94 ± 0.33 0.77 ± 0.01 0.70 ± 0.01 0.54 ± 0.01
≥ 75 44 164.48 ± 0.71 58.73 ± 1.42 21.71 ± 0.48 0.73 ± 0.02 0.65 ± 0.02 0.51 ± 0.02
Total 167 165.09 ± 0.45 61.89 ± 0.72 22.70 ± 0.24 0.76 ± 0.01 0.69 ± 0.01 0.54 ± 0.01
Figure 1. Flowchart of the screening
process. A total of 1500 subjects 
participated in the initial screening. 
One hundred and seventy healthy men
completed the initial examination. Two
years later, 142 subjects finished follow-up.
H.C. Chiu, et al
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Figure 2. Distribution of bone mineral density (BMD)
after examination at different areas in 142 healthy men.
Distribution of BMD was inversely related to age at 
initial examination. After linear regression, BMD was
expressed as: (A) 1.34 ± 0.0088 × age at the femoral
neck (p = 0.001); (B) 1.29 ± 0.011 × age at Ward’s trian-
gle (p < 0.001); (C) 1.43 ± 0.012 × age at the greater
trochanter (p < 0.001).
Table 2. Bone mineral density (BMD) in elderly men 2 years after initial examination, with age stratification
Age 
n
Femoral neck Mean loss/ Ward’s triangle Mean loss/ Great trochanter Mean loss/
(yr) (g/cm2) year (%) (g/cm2) year (%) (g/cm2) year (%)
65–69 27 −0.036 ± 0.011* −2.17 −0.070 ± 0.017† −5.57 −0.024 ± 0.008‡ −1.56
70–74 82 −0.027 ± 0.008† −1.75 −0.023 ± 0.008‡ −1.57 −0.010 ± 0.005‡ −0.67
≥ 75 33 −0.041 ± 0.008† −2.59 −0.010 ± 0.023 −0.14 −0.012 ± 0.007 −0.87
Total 142 −0.032 ± 0.005† −1.87 −0.029 ± 0.008† −2.00 −0.013 ± 0.003† −0.88
Wilcoxon signed rank test: *p < 0.01; †p < 0.001; ‡p < 0.05.
Discussion
From the baseline data of this study, we found by
regression analysis that BMD in the proximal
femur declined significantly with age in healthy
men aged ≥ 65 years. Most previous studies have
also demonstrated that BMD decreases at most
sites with increasing age.12,15–17 Longitudinally,
BMD at all three sites decreased significantly with
increased age, except at Ward’s triangle and the
great trochanter in the ≥75 years group. In general,
human BMD reaches a peak at age 25–30 years.8
The rate of bone loss is 0.42% per year in men and
0.5–1.56% in women.8 In postmenopausal Chinese
women, the rate of bone loss is 0.65–2.56% per
year;12 however, data on the mean rate of bone
loss in Chinese men is sparse. In the present
study, the rate of bone loss at the proximal femur
in healthy men aged ≥ 65 years was 0.88–2.00%
per annum.
Yang et al reported that BMD of the femoral
neck significantly declines after 65 years of age 
in both genders, and the risk of hip fracture in-
creases significantly.18 Most studies of hip fracture
have focused on hip and femoral BMD. In an-
other study by Yang et al, BMD of Ward’s triangle
was significantly lower than that of the femoral
neck and great trochanter, and was especially
lower after hip fracture.10 In the present study, we
found that the mean rate of BMD loss at Ward’s
triangle in the 65–69 years age group was 2.57
times higher than that of the femoral neck, and
3.54 times higher than that of the great trochanter.
BMD of Ward’s triangle is significant lower than
that of the femoral neck and great trochanter.
The study subjects differed between the present
study and that of Yang et al. The population in
the study by Yang et al lived in northern Taiwan,
while our subjects were from southern Taiwan.
Despite this difference in location, the results of
the two studies are similar. There is no obvious
period of rapid bone loss in men similar to that
in women in the first few years after the men-
opause, but the rapid bone loss in men aged
65–69 years may mimic that in postmenopausal
women.
We found that the subjects in our study expe-
rienced a much higher rate of bone loss than that
of two previous studies (Table 3). For example,
the mean rate of bone loss at the femoral neck
was 0.032 g/cm2/year in our study compared with
0.005 g/cm2/year in the Framingham study and
0.0025 g/cm2/year in the Rotterdam study. The
mean rate of BMD loss at the femoral neck was
about 5.3–12.8 times higher in our study than in
the Framingham and Rotterdam studies. Similarly,
the mean rate of BMD loss was about 7.3–8.8
times higher at Ward’s triangle and 2.2–6.8 times
higher at the great trochanter than in the two
previous studies. This may have been caused by
differences in genes,19 eating habits,20,21 and
lifestyle.8
The most important findings in our study are:
BMD is negatively correlated with age, and the rate
of loss of BMD in the 65–69 years age group was
more rapid at Ward’s triangle than the femoral
neck and great trochanter. Therefore, detecting the
BMD at Ward’s triangle may be a reasonable
method for earlier detection of bone loss in this
age group. The change in BMD of Ward’s triangle is
the most sensitive indicator for detecting bone
loss at the proximal femur in this age group.
Prospective longitudinal studies of annual bone
loss rate have been rare, especially of healthy males.
There were some limitations to our study. First, the
follow-up study was limited to an interval of 
2 years. Second, the size of our sample was not
large. A longer follow-up period is needed to ob-
tain more reliable data on changes in BMD. Third,
we did not perform BMD measurement simulta-
neously in the lumbar spine and hip. Therefore,
we do not know the difference in sensitivity be-
tween these two areas. Fourth, linear regression
was applied to this study, even though our data
were not normally distributed. Indeed, many pre-
vious studies have applied linear regression analy-
sis to examine changes in BMD.12,15,16
In conclusion, we recommend BMD measure-
ment at Ward’s triangle in men aged 65–69 years,
because this area is more sensitive than at the
femoral neck and great trochanter for detecting
bone loss. Bone loss in Chinese men calls for con-
cern and awareness because Chinese men experi-
ence more bone loss than do Caucasians.
Longitudinal changes in BMD of healthy elderly men
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Table 3. Comparison of annual change in bone mineral density (g/cm2/year) in elderly men*
This study (n = 142) Framingham study (n = 437) Rotterdam study (n = 1856)
Femoral neck −0.032 −0.006 −0.0025
Ward’s triangle −0.029 −0.004 −0.0033
Trochanter −0.013 −0.006 −0.0019
*All study subjects were aged ≥ 65 years, with the exception of the Rotterdam study subjects, who were aged ≥ 55 years.
Acknowledgments
Herng-Chia Chiu has received funding from the
National Health Research Institute of Taiwan
(NHRI-EX90-8903PL).
References
1. Minicuci N, Maggi S, Noale M, et al. Predicting mortality
in older patients. The VELCA Study. Aging Clin Exp Res
2003;15:328–35.
2. Johnell O. The socioeconomic burden of fractures: today
and in the 21st century. Am J Med 1997;103:S20–6.
3. Keene GS, Parker MJ, Pryor GA. Mortality and morbidity
after hip fractures. BMJ 1993;307:1248–50.
4. Papadimitropoulos EA, Coyte PC, Josse RG, et al. Current
and projected rates of hip fracture in Canada. CMAJ
1997;157:1357–63.
5. Lorrain J, Paiement G, Chevrier N, et al. Population demo-
graphics and socioeconomic impact of osteoporotic frac-
tures in Canada. Menopause 2003;10:228–34.
6. Greenspan SL, Maitland LA, Myers ER, et al. Femoral bone
loss progresses with age: a longitudinal study in women
over age 65. J Bone Miner Res 1994;9:1959–65.
7. Kaptoge S, Dalzell N, Loveridge N, et al. Effects of gender,
anthropometric variables, and aging on the evolution of hip
strength in men and women aged over 65. Bone 2003;32:
561–70.
8. Warming L, Hassager C, Christiansen C. Changes in bone
mineral density with age in men and women: a longitudinal
study. Osteoporos Int 2002;13:105–12.
9. Leidig-Bruckner G, Limberg B, Felsenberg D, et al. Sex dif-
ference in the validity of vertebral deformities as an index of
prevalent vertebral osteoporotic fractures: a population
survey of older men and women. Osteoporos Int 2000;11:
102–19.
10. Yang RS, Liu TK, Dorey FJ, et al. Bone mineral density in
Chinese elderly women with hip fracture. Calcif Tissue Int
1996;58:385–9.
11. Tsai KS, Cheng WC, Sanchez TV, et al. Bone densitometry
of proximal femur in Chinese subjects: gender differences
in bone mass and bone areas. Bone 1997;20:365–9.
12. Qin L, Au SK, Leung PC, et al. Baseline BMD and bone loss
at distal radius measured by peripheral quantitative com-
puted tomography in peri- and postmenopausal Hong
Kong Chinese women. Osteoporos Int 2002;13:962–70.
13. Xiaoge D, Eryuan L, Xianping W, et al. Bone mineral density
differences at the femoral neck and Ward’s triangle: a com-
parison study on the reference data between Chinese and
Caucasian women. Calcif Tissue Int 2000;67:195–8.
14. Chan WP, Liu JF, Chi WL. Evaluation of bone mineral density
of the lumbar spine and proximal femur in population-
based routine health examinations of healthy Asians. Acta
Radiol 2004;45:59–64.
15. Melton LJ, III, Khosla S, Atkinson EJ, et al. Cross-sectional
versus longitudinal evaluation of bone loss in men and
women. Osteoporos Int 2000;11:592–9.
16. Jones G, Nguyen T, Sambrook P, et al. Progressive loss of
bone in the femoral neck in elderly people: longitudinal find-
ings from the Dubbo osteoporosis epidemiology study. BMJ
1994;309:691–5.
17. Karlsson MK, Obrant KJ, Nilsson BE, et al. Changes in bone
mineral, lean body mass and fat content as measured by
dual energy X-ray absorptiometry: a longitudinal study. Calcif
Tissue Int 2000;66:97–9.
18. Yang RS, Liu TK, Hang YS, et al. Factor of risk for hip fracture
in normal Chinese men and women in Taiwan. Calcif Tissue
Int 1999;65:422–6.
19. Pluijm SM, Dik MG, Jonker C, et al. Effects of gender and
age on the association of apolipoprotein E epsilon4 with
bone mineral density, bone turnover and the risk of fractures
in older people. Osteoporos Int 2002;13:701–9.
20. Barzel US, Massey LK. Excess dietary protein can adversely
affect bone. J Nutr 1998;128:1051–3.
21. Tucker KL. Dietary intake and bone status with aging. Curr
Pharm Des 2003;9:2687–704.
H.C. Chiu, et al
658 J Formos Med Assoc | 2008 • Vol 107 • No 8
